INTRODUCTION
Coastal waters receive large amounts of anthropogenic nutrients from domestic and industrial effluents and agricultural runoff. Effects of coastal eutrophication are discernible at all trophic levels (Cloern 2001) and appear as direct and indirect qualitative changes in pelagic food webs, e.g. proliferation of harmful algal blooms (HABs), extinction of species at higher trophic levels, and reduced yields of harvestable fishes and invertebrates. These alterations of the food web struc-ture are primarily caused by an excessive input of anthropogenic nutrients having altered N:P:Si ratios (excess of N and P) in comparison with natural aquatic systems (Billen et al. 1991) .
High-biomass blooms of harmful species at different trophic levels are one response of the coastal system to nutrient enrichment. In temperate coastal waters, 3 groups with different trophic positions are considered as harmful and as indicators of eutrophication: photosynthetic algae that form HABs (Glibert & Pitcher 2001) , the red-tide ichthyotoxic dinoflagellate Noctiluca spp. (Okaichi & Nishio 1976 , Daskalov 2002 , and jellyfish (e.g. Arai 2001) ; the jellyfish are considered dead ends in the food web. Autotrophic and heterotrophic HAB species are separated in the analysis, because they occupy different trophic levels.
Recent field studies (Daskalov 2002 , Gucu 2002 , Lancelot et al. 2002 and theoretical evidence (Jordán & Wyatt 2006) show links between HABs, jellyfish blooms and overfishing, confirming the observation that multiple stressors operate in natural communities (Cloern 2001) . The existence of trophic cascades, i.e. of far-reaching top-down effects of predators in aquatic ecosystems, imply that fisheries actively modify the ecosystem, rather than being merely beneficiaries of sea resources (Pace et al. 1999) .
The worldwide problems of increased nutrient loading and overfishing call for generic and holistic approaches to assess their combined effect, and structural analysis of trophic networks is a useful tool for investigating their causes and consequences. Relationships between parts and the whole can be investigated from a network perspective (Higashi & Burns 1991) ; in this study, we studied changes at the level of the whole system that are due to isolated modification of its components. To identify principal mechanisms underlying the global degradation of coastal ecosystems, we analyzed the topological structure of a generic pelagic food web. In this approach, only the very primary information of 'who eats whom' is considered, hence giving information about the basic organization of the system. Such simple models are not able to describe the dynamical behavior of a given system, but they give information about the core functions determining its behavior (e.g. Vasas & Jordán 2006 ).
The present model can be applied to all temperate coastal water ecosystems with only minor local modifications. Special attention was given to highlighting the most typical relationships between nutrients and organisms, and to understanding the role and position of harmful eutrophication-indicator species in the network. To achieve this objective, we quantified the role of the 3 selected harmful groups (inedible blooming algae, Noctiluca spp., jellyfish) according to their positions in the food web, and we explored the extent to which human perturbations (nutrient loading from the bottom up, and overfishing from the top down) might influence their blooms. This analysis discriminates between inedible HAB-forming and other algae, because the method only allows the separation of groups on the basis of trophic position; we note, however, that many innocuous species also bloom, and that edible HAB species may exist.
METHODS
Network construction. Trophic groups specific to the generic pelagic food web and the relationships between them were identified based on literature review (references in Table 1 ). Trophic groups were defined on the basis of their trophic functions in the ecosystem. They represent both tropho-species, i.e. groups of species that have the same set of predators and prey, and nutrient pools. A tropho-species may be either a taxonomically homogeneous or a distant group of species (Turner & Roff 1993) . In some cases different life stages or toxic/non-toxic forms of the same species may belong to different tropho-species.
A trophic relationship between 2 tropho-species was only considered if it represents an important preypredator interaction. The importance of the interaction and the contribution of each trophic group to different nutrient pools were based on a literature survey (Table 1 ) and field data (Rousseau et al. 2000) . The food web model is thus qualitative, as it is based on the existence of the main relationships, rather than on actual diet or flow information.
Structural network analysis. We used a slightly modified version of the mixed trophic impacts method (Ulanowicz & Puccia 1990 , Vasas & Jordán 2006 , which calculates direct and indirect trophic interactions from trophic flow data. In the original method, the dietary coefficient (g ij ) is the effect of prey i on predator j and represents the actual proportion of i within the diet of j. For this network analysis we only considered the presence/absence of prey-predator interactions (e.g. Fig. 1 , where i = A, B, C), and we assume that each prey has the same effect on a given predator; thus
where D j,in is the number of prey tropho-species of j (called indegree). Similarly, the negative effect of predator i (Fig. 1 , where i = D, E) on its prey j (f ij ) is measured by the fraction of net output consumed by predator i:
where D j,out (called outdegree) is the number of predators of j and non-predatory mortality factors (stress-induced lysis or sedimentation). Net output had Beltrami & Carroll (1994) (11) Kiørboe & Nielsen (1994) Fuhrman (2000) (17) Sarthou et al. (2005) originally been defined as the total output, excluding respiration. In this application, however, we excluded every release that is related to ecophysiological processes in healthy organisms (leakage, fecal pellet production, egestion), since we focused on interactions, rather than on energetics. The mass fluxes of non-predation mortality factors were considered with regard to the receiving component (the different organic and inorganic nutrient pools), but they have no effect on the source component; thus f ij = 0. These processes are called donor-controlled. The net impact (q) of i upon j is q ij = (g ij -f ij ) and is defined as the one-step (direct) effect of i on j (Fig. 1) . Its values range from -1 to +1. Taking every pair of N nodes, we calculated the above defined direct net impacts and constituted the N × N net impact matrix, [Q], where the entry in the i th row and the j th column represents the net impact of i upon j. Assuming that the direct impacts are additive and multiplicative, the total (direct and indirect) effects, called mixed trophic impact (m ij entries of matrix [M]), are calculated by summarizing all integer powers of [Q], using the following equation derived from the input -output theory applied to energy flows in ecosystems by Hannon (1973) :
where [I] is the identity matrix. The computation of overall pairwise interactions gives a general overview of ecosystem functioning. Nutrients evidently support all components in a food web, but our analysis concerned the share of each component. Trophic cascades originating from predators result in alternating abundance (or biomass) patterns between the various trophic levels, e.g. an abundant top predator in a 3-level food chain results in lower abundances of mid-level consumers and higher abundance of basal producers (Pace et al. 1999) . From this structural analysis, one may assess indirect effects such as the propagation of positive effects of nutrients or trophic cascades.
Topological keystones. Species are not equally important in maintaining the integrity of ecosystems, and the heterogeneous nature of trophic interactions is a fundamental feature of natural communities (Margalef 1991) . Species that have a large impact on the ecosystem, disproportional to their (possibly) small biomass, are considered to be keystone species (Power et al. 1996) . One of the very few quantitative approaches for their identification is based on their position in food webs. The bottom-up component of the keystone index (K b ; Jordán et al. 1999 ) was used to quantify the role of each species in order to explore possible relationships between the most important and the harmful groups in a community. The keystone index (K) modified from the net status index (Harary 1961) , allows the estimation of the number of species that would be seriously affected after a large perturbation (or extinction) of a given species. The bottom-up component of keystone index K b,i is defined as: (4) where n is the number of predators consuming species i, and d j is the number of prey species of its j th predator. K b,j is the bottom-up keystone index of the j th predator, which means that the formula is recursive; its calculation should, therefore, start with the top predators (Fig. 2 ). This index satisfies our interest in propagating bottom-up (nutrient loading) effects in the food web, because it emphasizes vertical over horizontal interactions and enables us to identify the bottom-up (K b,i ) keystone position of a species. (Jordán et al. 1999 ). The index is zero for top predators (Group G, F) by definition, and subsequently calculated for their prey (see Table 3 )
RESULTS AND DISCUSSION

Structure of the generic food web
Based on our literature review, 26 'trophic' groups -19 tropho-species and 7 nutrient pools -were identified as relevant in temperate coastal ecosystems (Fig. 3 , Table 1 ). The basic definition of tropho-species was based on their metabolism (autotrophic, heterotrophic) and size, since these are the main determinants of their trophic roles. This classification was expanded, as organisms of similar size may differ in prey selection or trophic fate.
We defined 5 phytoplankton groups, based on their bottom-up and top-down characteristics (Fig. 3) . These are picoplankton PicoPl (e.g. Synechococcus spp., Prochlorococcus spp., picoeukaryotes), autotrophic flagellates AutNanFl (nano-sized phytoplankton belonging to haptophytes, chrysophytes, cryptophytes, prasinophytes), large autotrophic flagellates LAutFl (e.g. non-toxic dinoflagellates Ceratium spp.), diatoms Diat, and inedible blooming (HAB) algae InedAlg. The latter was defined on the basis of the 'loophole' hypothesis (Bakun & Broad 2003) , i.e. blooming species are defined as those capable of escaping predation controls by zooplankton because of their size, shape or toxicity (Irigoien et al. 2005) . InedAlg thus include algae forming high biomass blooms (e.g. Phaeocystis globosa colonies) and toxic species (haptophytes, e.g. Prymnesium parvum, Chrysochromulina polylepis; raphidophytes, e.g. Heterosigma akashiwo; dinoflagellates, e.g. Alexandrium spp., Karenia brevis; cyanobacteria, e.g. Nodularia spumigena). Phytoplankton, on the other hand, may remain ungrazed if zooplankton is heavily controlled by predators (Daskalov 2002) . The harmful effects of InedAlg and ungrazed edible phytoplankton will be discussed separately (see 'Structural analysis: Consequences of human impacts').
The microbial network (Fig. 3 ) rests on the bacterial utilization of organic matter in the water column and the consumption of small auto-and heterotrophic groups, generally one order of magnitude smaller than themselves (Sheldon et al. 1972) . Free-living bacteria FreeBac utilize dissolved organic matter (DOM), while Table 1 . Red: harmful groups; purple: viruses; dark green: linear food chain; light green and light brown: microbial food web (light brown: bacteria); blue: inorganic nutrients; brown: organic nutrients; black: exchange with the sediment. Arrows have the same color as the recipient group bacteria attached to detrital particles POM-Bac hydrolyze particulate organic matter POM and release DOM into the surrounding water. Both bacterial groups, along with picoplankton, support the growth of heterotrophic nanoflagellates HetNanoFl, which are in turn consumed by microzooplankton µZooPl (ciliates, dinoflagellates, copepod nauplii and copepodits I-II), together with AutNanFl (Fig. 3) . The higher trophic levels include mesozooplankton MesoZooPl (mainly copepods and copepodits III & IV) that graze on large phytoplankton (LAutFl and Diat) and µZooPl (Fig. 3) . In eutrophicated coastal waters, MesoZooPl may be outnumbered by the omnivorous dinoflagellate Noctiluca that forms red-tide (occasionally green-tide) blooms, which significantly influence the functioning of the ecosystem (e.g. Yılmaz et al. 2005) . When blooming, Noctiluca is toxic to fish because of its release of ammonium (Okaichi & Nishio 1976) . The unsaturated feeding function determined for Noctiluca when growing under laboratory conditions with different prey (E. Breton pers. comm.), suggests that Noctiluca has a great potential to benefit from an increased phytoplankton biomass in eutrophicated waters. Accordingly, Noctiluca has been reported as an important indicator of anthropogenic influence (Daskalov 2003) .
The food requirements of top predators, like piscivorous fish species PiscFish, are fulfilled by planktivorous PlvFish and benthic-feeding BentFish fish. PlvFish compete for MesoZooPl with Jellyfish (members of the Cnidaria and Ctenophora), the third harmful trophic group (Fig. 3) . Jellyfish are undesirable for humans, since they compete with PlvFish and, being a trophic dead end, they do not transfer energy and nutrients towards the top predators.
At the base of the food web, viruses are responsible for much of the bacterial mortality and the decay of phytoplankton blooms; their role in nutrient regeneration is thus far from negligible (Thingstad et al. 1993) . In this study we consider 4 host-specific groups of viruses susceptible of infesting Diat, InedAlg, FreeBac and Noctiluca. Diat and InedAlg were chosen on the basis of their ability to form huge transient blooms. Viruses infesting attached bacteria were not considered due to the generally low number of their hosts (Azam et al. 1983 , Becquevort et al. 1998 . Despite a lack of literature evidence, Noctiluca-specific viruses were included in this study because of the observed high density and sudden collapse of Noctiluca blooms that might indicate a viral attack (Beltrami & Carroll 1994) .
The generic food web included 7 nutrient pools (Fig. 3) . All 4 inorganic nutrient pools (ammonium NH4, nitrate NO3, phosphate PO4 and silicic acid Si), which support phytoplankton growth, exchange with the sediment, and NH4 and PO4 are remineralized by heterotrophic components of the food web (FreeBac, POMBac, HetNanoFl, µZooPl, MesoZooPl, Noctiluca). Larger heterotrophic organisms (Jellyfish, PlvFish, BentFish and PiscFish) remineralize nutrients only to a negligible extent, because of their relatively low biomass (Schneider 1990 , Hudson et al. 1999 .
The detrital organic matter is composed of dissolved (DOM) and particulate POM forms. Two pools of DOM are distinguished on the basis of their biodegradability: labile LDOM and semi-labile SDOM (Fig. 3) . Direct excretion by all phytoplankton groups flows to LDOM and is easily accessible for FreeBac. Other processes, namely overflow during nutrient limitation from phytoplankton, stress lysis or viral lysis, egestion, sloppy feeding and fecal pellet production, contributes to all 3 organic pools (LDOM, SDOM, POM).
The structure of this generic pelagic food web of temperate coastal ecosystems is basically the same in different ecosystems, but the dominance of trophic groups or pathways changes in line with environmental conditions.
Structural analysis
Role of harmful species
The trophic role of the 3 harmful species (InedAlg, Noctiluca, Jellyfish) was determined on the basis of pairwise interactions between the components of the generic food web (Table 2) .
InedAlg (Fig. 4a) has a strong negative effect on all phytoplankton groups, due to competition for inorganic nutrients. On the other hand, InedAlg positively influences the lower food web (FreeBac, POM-Bac, HetNanoFl) through the release of organic matter after viral and stress lysis, but unlike other large-sized phytoplankters (LAutFl, Diat), it negatively affects the higher food web (MesoZooPl, PlvFish, PiscFish; Fig. 4a ). This result is supported by the low trophic efficiency estimated for a Phaeocystis-dominated food web in the North Sea, and explained by the important flow of primary products throughout the bacterial loop (Rousseau et al. 2000) .
The role of Noctiluca in the web is ambiguous (Fig. 4b) . It impacts MesoZooPl negatively, but 1 order of magnitude less than InedAlg (Fig. 4a,b) ; Noctiluca and MesoZooPl compete, however, for the same prey (Diat). Thus, we expect that any increase in Noctiluca biomass exerts a slightly negative effect on MesoZooPl and -as a consequence -on fishes. This result can possibly be explained with the intensive and short nutrient cycles at the very basis of the food web, in which Noctiluca is involved. The direct nutrient catabolic release associated to Noctiluca growth, and the bacterial mineralization of Noctiluca lysis products, can support diatom growth, but more importantly, other phytoplankton groups as well. Such a promotion of phytoplankton, combined with the stimulation of bacteria, is -through many pathways -beneficial to fishes. These longer pathways may at least partially replace the diatom pathway, which is disrupted by Noctiluca. Hence, nutrient remineralization appears to be the main trophic role of Noctiluca in the food web, as suggested for North Sea blooms by Schoemann et al. (1998) . Jellyfish affect MesoZooPl more negatively than fishes do, and as a consequence, the same applies to the inorganic and organic nutrient pools (Fig. 4c) . Jellyfish may thus play a buffer role for nutrients, as recently hypothesized for a coastal lagoon ecosystem Table 1 for abbreviations (Fernández et al. 2005 ). In addition, Jellyfish are likely to impede InedAlg and Noctiluca, preventing their blooms by taking up and storing nutrients, and disrupting nutrient cycling in the water column. Thus, from a human perspective, Jellyfish could play a beneficial role in eutrophicated and heavily overfished ecosystems. However, Jellyfish are more voracious predators of MesoZooPl than are PlvFish, both because of their feeding characteristics and because they are not controlled by predators ( Fig. 4c; cf. Fig. 6a ). If Jellyfish outcompete PlvFish, the top-down cascade originating from the upper trophic level is reinforced and leads to a massive accumulation of large phytoplankton biomass (Diat and LAutFl), if nutrient concentrations are high enough (Daskalov 2003) . At low nutrient concentrations, the 4-step trophic chain AutNanoFl-µZooPl-MesoZooPl-Jellyfish prevails in the system and an increased level of jellyfish predation leads to a decrease in total phytoplankton biomass. In eutrophicated waters, however, large algae and the 3-step chain Diat/LAutFl-MesoZooPl-Jellyfish are of greater importance, and the cascading effects of jellyfish predation on copepods lead to increased total phytoplankton biomass (Stibor et al. 2004) . Mass sedimentation of ungrazed phytoplankton biomass may result in hypoxia or anoxia near the bottom (Cloern 2001) . These and the strong negative effects on fish and fisheries due to resource competition (see Shiganova 1998 for field evidence from the Black Sea) make jellyfish an undesired group, from a human perspective.
Consequences of human impacts
Human eutrophication and overfishing affect the food web at several nodes. An increased loading of inorganic (NH4, PO4, NO3) and organic nutrients (LDOM, SDOM, POM) disturbs the food web at the bottom, while fishing pressure modifies top predators (PlvFish, PiscFish). In order to understand how these human impacts may affect the ecosystem, we have analyzed the role these groups play in the food web, with a focus on harmful tropho-species.
Increased nutrient load. Nutrients NH4, PO4 and NO3 are beneficial to all tropho-species except BentFish (since it feeds on prey from outside the pelagic community; Fig. 5a ). InedAlg and Jellyfish seem to be favored, compared to Diat and PlvFish (Fig. 5a ). This suggests that an increase in inorganic nutrient input will enhance a disproportional biomass development of these undesired species. Noctiluca indirectly benefits from inorganic N and P enrichment and, in turn, contributes to this pool with remineralization processes associated with its metabolism. This process is a general feature of heterotrophic tropho-species, including
MesoZooPl. The relative importance of these 2 nutrient cycles may lead to alternative stable states of the ecosystem at high inorganic nutrient levels: one associated with high MesoZooPl, and one with high Noctiluca biomass. The dominance of Noctiluca can be explained by the unexpected result that -even though both groups are direct competitors for Diat -MesoZooPl favors Noctiluca growth through its contribution to POM (Fig. 3) , as reported by Kiørboe (2003) .
A confusing result is that inorganic N and P are increasingly more beneficial to small phytoplankton (Fig. 5a) , since every phytoplankton group supports its heterotrophic grazer and the subsequent trophic levels above. Small phytoplankton organisms thus indirectly promote the grazers of their larger competitors. The pattern in our model contradicts the general observation that small phytoplankton is dominant in oligotrophic waters, while eutrophicated waters are dominated by large phytoplankton. This may be an artifact resulting from the simplicity of our model, since dynamical information is lost in structural network analyses. More specifically, the latter cannot account for time lags in the response of predators to changes in prey abundance. Even if the entire prey biomass is consumed in the end, a predator responding with a significant time lag to an increased abundance of prey will allow the prey to develop in a way that mitigates the predator's effects; this feature is not captured by structural network analysis. The observed fact that small predators respond faster to increases in small phytoplankters may counterbalance the advantage that small algae have due to their high competitive abilities for low nutrients (Fogg 1995) and their position in the food web. Further research is needed for understanding this phenomenon.
All harmful groups (InedAlg, Noctiluca, Jellyfish) benefit more from organic nutrient enrichment (LDOM, SDOM, POM) than their respective 'desired' competitor, Diat, MesoZooPl, PlvFish (Fig. 5b,c) . Thus, a sustained increase of organic matter may be responsible for the observed disproportional increase in the biomass of the undesired groups. A marked difference between these groups is the role of sink for organic matter played by Jellyfish, while InedAlg and Noctiluca constitute a source of organic matter throughout lysis (Table 1; Fig. 3) . As a consequence, InedAlg, Noctiluca and DOM can increase simultaneously and constitute an alternative stable state of the ecosystem.
Consequences of overfishing. Fish-driven trophic cascades may have large effects in ecosystems (Pace et al. 1999) , and overfishing largely disturbs the food web (fishing down: Pauly et al. 1998 ). According to our calculations, PlvFish shows negative effects on Jellyfish and, to a smaller extent, on InedAlg, Noctiluca and all nutrients (Fig. 6a) , but it positively affects large phytoplankton (LAutFl and Diat). Therefore, PlvFish overfishing would allow the development of undesired groups (e.g. jellyfish blooms in the Black Sea: Gucu 2002 , Lancelot et al. 2002 , and increased concentrations of nutrients in the water column. The effects of PlvFish overfishing are, therefore, similar to those subsequent to nutrient enrichment, and synergistically support harmful species, which results in a rapid degradation of the ecosystem. Because of the simplified interactions within the fish community in our model, PiscFish exerts its effects entirely through predation of PlvFish; this group has, thus, opposite effects to PlvFish (Fig. 6b) . PiscFish overfishing can lead to blooms of Diat and LAutFl, which remain ungrazed, because the predation pressure of PlvFish tends to suppress MesoZooPl (Daskalov 2002, Jordán Fig. 3 ; see Table 1 for abbreviations & Wyatt 2006) , similarly to what is described above for jellyfish. In summary, overfishing of PiscFish (under conditions of nutrient enrichment) may lead to blooms of Diat and LAutFl that remain ungrazed, but overfishing of PlvFish may support harmful species (InedAlg, Noctiluca, Jellyfish). Even in its simplicity, our analysis tentatively explains why the consequences of overfishing in coastal seas were not visible for so long. Historically, overfishing of larger PiscFish was the first step (Pauly et al. 1998) , but the subsequent phytoplankton biomass increase seemed to be related to the increase in nutrient loads. However, after depletion of the larger PiscFish, fisheries have turned towards the smaller, but numerous PlvFish (e.g. anchovy). With time, the effects of nutrient enrichment and overfishing started to develop in synergy, resulting in a very visible degradation of the ecosystem, characterized by HABs and jellyfish blooms. One remarkable example is the outburst of Mnemiopsis leidyi in the Black Sea after strong overfishing of anchovy in 1988 (Shiganova 1998 ).
Positioning of harmful species
The position of harmful species in the food web is far from random, as they disrupt the food web at each basic trophic level: InedAlg increases the primary producers' biomass, Noctiluca that of primary consumers and Jellyfish to biomass of secondary consumers. All these species appear to benefit more from nutrients than their competitors, partly as a result of the absence of predators. The increasing dominance of inedible forms over edible ones in response to nutrient enrichment has been demonstrated both theoretically (e.g. Leibold 1996) and experimentally (e.g. Steiner 2001 ), but other mechanisms are also involved. Harmful groups are positioned in the network in a way that enables them to exploit the most important bottom-up controllers of the food web (Table 3) Table 1 for abbreviations food shortage after the extinction of the given species. According our calculation of the index of Jordán et al. (1999) , the most important groups are: the inorganic nutrients NH3, PO4, NO3 (consumed by InedAlg); Diat and POM (consumed by Noctiluca), and MesoZooPl (consumed by Jellyfish). The crucial position of harmful species in the food web explains their strong undesired effects in ecosystems.
Use of qualitative structural analysis of coastal ecosystems
Since the literature data required for the establishment of the trophic web was scarce, the results of our structural network analysis are partly speculative. In addition, the qualitative structural approach fails where dynamic features determine the relationships between trophic groups. Nevertheless, the agreement between our model results and the conclusions of elaborate case studies supports the feasibility of the model and underscores the overwhelming importance of the food web structure in community dynamics.
The effects of nutrient loading and overfishing on the 3 harmful tropho-species and their interactions are summarized in Fig. 7 . InedAlg blooms support the microbial network and inhibit the transfer of nutrients up the food web, including to commercially important fish species (Fig. 7) . The effect of Noctiluca on fishes is less detrimental, since this dinoflagellate is involved in short dynamic nutrient cycles at the base of the food web, and this cycling supports small phytoplankton and bacteria. The developing longer pathway from minute producers to fishes may partially substitute the short chain from diatoms.
In eutrophicated ecosystems, InedAlg and Noctiluca blooms correspond to increased total phytoplankton biomass, supported by positive relationships between elevated chlorophyll a levels, harmful blooms and increased nutrient loading (Cloern 2001 , Daskalov 2003 . The InedAlg biomass directly contributes to the chlorophyll level, while Noctiluca indirectly supports all non-diatom phytoplankton species (Fig. 4b) with its intensive nutrient regeneration and intensive feeding on Diat. The shift from diatoms to non-siliceous algae in response to eutrophication has been repeatedly pointed out (e.g. Cloern 2001 ), but the possible contribution of Noctiluca blooms to this shift is new. InedAlg and Noctiluca are fundamentally interrelated in coastal ecosystems, with many mechanisms ensuring the recycling of nutrients in the water column instead of exporting them to fishes.
On the other hand, InedAlg and Noctiluca inhibit Jellyfish blooming (Fig. 7) , because they retain nutrients in the water column. Jellyfish is likely to act as a buffer in eutrophicated and overfished systems, since it forms an efficient sink of matter. As a consequence, Jellyfish inhibits InedAlg and Noctiluca as well (Fig. 7) . At the same time, Jellyfish blooms lead to a massive biomass accumulation of large phytoplankton because of the reinforced trophic cascade.
Anthropogenic nutrient enrichment favors harmful tropho-species (Fig. 7) more than it benefits desired groups; this has far-reaching effects, because harmful species hold a key position in the food web by exploit- Table 3 . Bottom-up importance of each trophic group in the generic pelagic food web, calculated as the bottom-up component of the keystone index (Jordán et al. 1999 ; cf. Fig. 2 ing the most important bottom-up controllers. According to our calculations, the trophic level at which overfishing occurs is of crucial importance, as previously suggested by e.g. Pauly et al. (1998) . The earlier overfishing of PiscFish appears to sustain blooms of diatoms and other large algae that remain ungrazed, while the present overfishing of PlvFish supports HABspecies and jellies, acting synergistically with nutrient enrichment.
Calculations with modified versions of the web employed in this study (without viruses, without harmful groups, version for the North Sea: V. Vasas et al. unpubl.) indicate that the main conclusions and interaction pathways are robust. Still, we emphasize that the results in this study are not meant as absolute numbers, but rather as characteristic constraints inherent to the structure of the generic food web. The relative importance of these pathways may be quite different, depending on the environmental conditions of the ecosystem, and the next step is a comparison of systems with different structural properties. Moreover, the various roles of nutrients and the effects of unbalanced nutrient enrichment could be examined in the future, based on comparisons of the same web in terms of nitrogen, phosphorus and silica. Major changes to ecosystem state often occur above certain thresholds of stress (Scheffer et al. 2001) , and a search for the structural causes behind them is promising. Ecosystems that show threshold behavior are a great challenge to management, and the context described here will serve as a basis to study possible mechanisms of thresholds in pelagic nearshore food webs.
